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(54) TiUc: INCREASING CREATINE AND GLYCOGEN CONCENTRATION IN MUSCLE 



(57) Abstract 



Methods and compositions for increasing creatine retention in, and glycogen concentrations in muscle of, the human and/or animal 
body, comprising increasing the creatine concentration in blood plasma of a body and causing a substantially simultaneous increase in 
blood plasma insulin concentration. Compositions comprising creatine or an active derivative thereof arc inhxxluced into the body, by oral 
ingestion or infusion, such as injection, along with a carbohydrate, such as glucose to augment insulin release into the blood which in turn 
drives glucose into muscle for glycogen synthesis. Insulin or an active derivative thereof may also be comprised in the composition either 
along with or instead of the carbohydrate. 
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Increasing Creatine and Glycogen 
Concentration in Muscle 

The present invention concerns the retention of 
creatine within the body, and relates in particular but 
not exclusively to a method and composition for 
increasing creatine uptake in humans. The invention 
also concerns a method and composition for simulta- 
neously increasing glycogen concentration in muscle. 

Creatine (methylglycocyamine, 
H^NC'NH.N{CH^)CH^CO^H) is known to be present in 
the muscles of vertebrates. It is present in a 
phosphorylated and a non-phosphor y la ted form and has 
been shown to be involved in muscular contraction and 
the development of fatigue. Creatine is produced 
naturally by the body, but is also obtained from animal 
foods . 

Most bodily creatine is present in muscle, and it 
is believed that increasing the amount of creatine 
within muscle favourably affects muscular performance 
and the amount of work which can be done by the muscle. 
AccordingI> . it is held desirable to be able to 
influence creatine retention in the body. 
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Glycogen, (C^H^qOx, is a carbohydrate found 
in animal cells and is convertible from and to glucose. 
Athletes endeavour to increase muscle glycogen content 
before competing in order to enhance muscle performance. 

In this specification the term "active derivative- 
means anything derived from or a precursor of the 
relevant substance that acts in the same or similar way 
in the body to the substance, or which is processed into 
the substance when placed into the body. The terms 
serum and plasma can be interchanged. 

According to the invention there is provided a 
method of increasing creatine retention in the human or 
animal body by causing an increase in blood plasma 
creatine concentration and causing a substantially simu- 
ltaneous increase in blood plasma insulin concentration. 

The plasma creatine concentration may be increased 
by ingestion and/or infusion of creatine or an active 
derivative thereof. 

The plasma insulin concentration may be increased 
by infusion of insulin or an active derivative thereof 
and/or by the ingestion of an agent operable to cause an 
increase in the blood plasma insulin concentration. 
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The agent may be a carbohydrate or an active 
derivative thereof, preferably a simple carbohydrate. 
Preferably the carbohydrate is glucose. 

Preferably the method comprises the simultaneous 
ingestion of creatine and an agent operable to cause an 
increase in the blood plasma insulin concentration 
substantially simultaneously with the arrival in the 
plasma of the creatine. 

The creatine and/or the agent is preferably orally 
ingested . 

The invention further provides a method of 
increasing glycogen storage, and particularly glycogen 
concentration in muscle of the human or animal body by 
causing an increase in blood plasma carbohydrate 
concentration and insulin concentration and causing a 
substantially simultaneous increase in blood plasma 
creatine concentration. 

The plasma creatine concentration may be increased 
by ingestion and/or infusion of creatine or an active 
derivative thereof. The plasma carbohydrate, which is 
desirably glucose and insulin concentrations may be 
increased by ingestion of carbohydrate or an active 
derivative thereof, but desirably glucose and/or any 
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Other simple carbohydrate and/or by infusion of a 
carbohydrate or an active derivative thereof, such as 
glucose or any other simple carbohydrate. 

Preferably creatine or an active derivative 
thereof and glucose and/or another simple carbohydrate 
are orally ingested. 

According to the invention there is further 
provided a composition for increasing creatine retention 
in the human or animal body, the composition comprising 
creatine or an active derivative thereof together with a 
carbohydrate or an active derivative thereof. 

Preferably the composition is in the nature of a 
dietary supplement. 

Preferably the carbohydrate is glucose and/or 
another simple carbohydrate. 

The composition preferably comprises 2 to 8% by 
weight creatine and 92 to 9B% by weight glucose and/or 
another simple carbohydrate. 

According to the invention there is also provided 
a method of increasing creatine retention in the human 
or animal body by ingestion and/or injection of a 
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composition as hereinbefore described. Preferably the 
composition is ingested in an amount of 100 g to 700 g 
per day, which may be taken in four equal parts 
throughout the day. 

Further according to the present invention there 
is provided a composition for increasing creatine 
retention in the human or animal body, the composition 
comprising creatine or an active derivative thereof 
together with insulin or an active derivative thereof. 

Further according to the present invention there 
is provided a composition for increasing glycogen 
storage in the human or animal body and particularly 
glycogen concentration in muscle, the composition 
comprising creatine or an active derivative thereof 
together with insulin or an active derivative thereof. 

The composition may be in a form to be ingested 
and/or injected into the body. 

According to the invention there is also provided 
a method of increasing creatine retention in the human 
or animal body by ingestion and/or injection of a 
composition as described above. 

According to a further aspect of the invention 
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there is provided a method increasing glycogen storage 
in the human or animal body and particularly glycogen 
concentration in muscle by ingestion and/or injection of 
a composition as described above. 



Preferably a carbohydrate, or an active derivative 
thereof, is also ingested and/or injected desirably such 
that an increase in blood plasma carbohydrate 
concentration and insulin concentration occurs 
substantially simultaneously with an increase in blood 
plasma creatine concentration. 



According to the invention there is also provided 
a composition for increasing glycogen storage in the 
animal or human body and particularly glycogen 
concentration in muscle of the human or animal body, the 
composition comprising creatine or an active derivative 
thereof together with a carbohydrate or an active 
derivative thereof. 



Preferably the composition is in the nature of a 
dietary supplement. 

Preferably the carbohydrate is glucose and/or 
another simple carbohydrate. 



The composition preferably comprises 2 to 8?o b> 
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weight creatine and 92 to 98?^ by weight glucose and/or 
another simple carbohydrate. 

According to the invention there is also provided 
a method of increasing glycogen storage in the human or 
animal body and particularly glycogen concentration in 
muscle by ingestion and/or injection of a composition as 
hereinbefore described. 

Preferably the composition is ingested in an 
amount of 100 g to 700 g per day, which may be taken in 
four equal parts throughout the day. 

According to the invention there is further provi- 
ded a composition comprising creatine or an active 
derivative thereof and a carbohydrate or an active 
derivative thereof for use as an active pharmaceutical 
compos i t i on . 

The invention also provides a composition 
comprising creatine or an active derivative thereof and 
insulin or an active derivative thereof for use as an 
active pharmaceutical preparation. The composition may 
also comprise a carbohydrate or an active derivative 
thereof. 



The invention further provides creatine or an 
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active derivative thereof and a carbohydrate or an 
active derivative thereof for use in the manufacture of 
a substance for increasing creatine retention in the 
human or animal body. 

The invention also provides a composition 
comprising creatine or an active derivative thereof, and 
insulin or an active derivative thereof, for use in the 
manufacture of a substance for increasing creatine 
retention and/or glycogen storage in the human or animal 
body, such as muscle. Carbohydrate or an active 
derivative thereof may also be provided. 

The invention further provides a composition 
comprising creatine or an active derivative thereof and 
a carbohydrate or an active derivative thereof for use 
in the manufacture of a substance for increasing 
glycogen concentration in muscle of the human or animal 
body . 

Preferably the carbohydrate is glucose and/or 
another simple carbohydrate. 



The composition preferably 
weight creatine and 92 to 98% by 
another simple carbohydrate. 



comprises 2 to 
weight glucose 



S% by 
and/or 
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The methods and compositions of the invention may 
be used to increase bodily creatine retention in humans. 
This is desired, for example, by sportsmen and athletes 
to avoid or delay the onset of muscular fatigue. The 
ability to increase creatine retention may also be 
desired in individuals having relatively low general 
creatine levels, for example vegetarians who do not take 
animal protein, and sufferers of disease which affects 
muscle. The present invention enables creatine 
retention to be increased to a greater extent than is 
achieved by making creatine available to the body alone. 

The invention also permits the increase of muscle 
glycogen concentration. This is desired by athletes to 
enhance performance. Also, increasing the glycogen 
concentration in muscle is of interest v/here insulin 
sensitivity of the body is impaired by, for example, 
obesity, diabetes, heart failure or post-surgical 
t r auma . 

The invention will be further described for the 
purposes of illustration only with reference to the 
following examples and to the drawings, in which:- 

Fig. I is a graph showing increase in total 
creatine concentration against change in glycogen 
concentration in subjects of group A of Example 2; 
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Fig. 2 is a similar graph for subjects of group B 
of Example 2; 



Fig. 3 is a graph showing serum insulin 
concentration against time for all groups in Example 4; 
and 

Fig. 4 is a graph showing blood plasma glucose 
concentration against time, for all groups in Example 4. 



Example 1 



Experimental 

16 men were randomly divided into groups 1 (6 
members), 2 (6 members) and 3 (4 members). On day one, 
fasted subjects gave a blood sample and then consumed 
the following preparations: 

Group 1 - 5 g creatine in 250 ml low calorie hot orange 

Group 2 - 5 g creatine in 250 ml low calorie hot orange 
plus 500 ml of a glucose drink (LUCOZADE (TM) manufact- 
ured by Smith Kline Beecham), containing 90-100 g simple 
sugars. 

Group 3 - 250 ml of low calorie hot orange 
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Arterialized-venous blood samples were then 
obtained at 20 minute intervals for the next 4^ hours, 
while subjects remained in a supine position. For the 
remainder of the day, and throughout day two, subjects 
ingested the mentioned preparations at 4 hourly 
intervals, representing a total daily creatine dose of 
20 g. On the morning of day three the subjects reported 
back to the laboratory and underwent the same procedures 
as on the first day. All subjects weighed and recorded 
their dietary intake throughout the study, subjects in 
group 2 consuming a prescribed high carbohydrate diet, 
and undertook 24 hour urine collections on day one and 
day three. Plasma and urine creatine were measured 
using high performance liquid chromatography and serum 
insulin was measured using a radioimmunoassay technique. 

Results 

The results are shown in Table 1, in which CR = 
creatine. Plasma creatine concentration ( u mol/1) was 
plotted against time for each group, and the area under 
each curve was determined. Urinary creatine (g) and 
peak serum insulin (mIU/1) were also determined. 

Plasma creatine concentrations peaked within 
90 minutes of creatine ingestion and declined towards 
resting values during the remaining 180 minutes of the 
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itk hour period. The area under the plasma creatine 
curve was lower in group 2 than in group 1, as was 
urinary creatine content. Following carbohydrate 
ingestion, serum insulin levels peaked within 30 minutes 
in group 2 and returned to the p re- i nges t i on 
concentration over the remaining 240 minutes. Plasma 
insulin concentration did not change in group 1 or group 
3 over the course of the experiment. 



Table 1 



Area under 

plasma CR 

( umol/l/min) 



Urinary CR 9.5 

Peak se rum 7 • 8 

insulin 

( m I U / 1 ) 



Day 

Group 1 . Group 2 

Mean SE ^ean SE 

2834.1 298.1 883.9*- 109.9 



1.2 5.0 0,8 



1.3 72.0 11.2 
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Day 3 

Group 1 \ Group 2 

Mean SE Mean SE 



Area under 2637.5 228.6 948.3 454.5 

plasma CR 

( umol/l/min ) 

Urinary CR 11.9 1.1 5.7* 1.2 

(g) 

Peak serum 9.5 2.D 84. 2"*""*" 11.5 

insulin 
(mIU/1) 

*P<0. 05:*P<:0. 01 ;"*"*P< 0.001 - significantly 
different from corresponding value. 

The reduced area under the plasma creatine curve 
and the lower urinary creatine content of those subjects 
which had ingested creatine and carbohydrate compared 
with those which had ingested only creatine shows that 
bodily uptake of creatine is greater in the second 
group. This increase in creatine uptake is believed to 
be insulin mediated, the plasma insulin concentration 
being increased by the ingested carbohydrate. 
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Example 2 



Experimental 



A muscle biopsy sample was taken from the vastus 
lateralis muscle of each of 21 healthy males and was 
frozen in liquid nitrogen for subsequent biochemical 
analysis. Beginning the following day, 12 subjects 
(group A) each ingested 5 g of creatine dissolved in hot 
sugar-free orange juice, four times a day for 5 days. 
The remaining 9 subjects (group B) proceeded as group A, 
but in addition consumed 50Q ml of LUCOZADE, 30 minutes 
after each creatine preparation had been ingested- 
Subjects returned the day after the 5th day of 
supplementation and further muscle biopsy samples were 
taken. 24 hour urinary collections were made prior to 
the first biopsy sample (control) and on the first day 
of creatine supplementation (day 2). Urinary creatine 
content (in grams) was then measured using high 
performance liquid chromatography. 



Result s 

Table 2 shows the muscle concentration (mmol/kg 
dry mass, mean ^ S.E.M.) of phosphor y 1 a ted creatine 
(PCr) non-phosphory lated creatine (Cr) and total 
creatine (TCr) before and after creatine 
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supplementation. Significant differences betv/een the 
groups are indicated by an asterisk p<0.05. 



Table 2 



PCr 



Before Creatine 
Supplementation 



After Creatine 
Supplementation 



Group A 
Group B 



85. 1+2.5 
84.4-^3.8 



92.A;4.2. 1 
99.4+2.6* 



Cr 



Before Creatine 
Supplementation 



After Creatine 
Supplementation 



Group A 
Group 6 



36.4+1 . 7 
39.0+2.3 



49.8+1 . 5 
57.1+3.4* 



TCr 



Before Creatine 
Supplementation 



After Creatine 
Supplementation 



Group A 
Group B 



121 . 5+3. 1 
123.4+4. 3 



142.2+2.6 
156.4-^5.4- 
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The increase in total creatine concentration after 
supplementation in group B was approximately 60?i greater 
than that in group A. This increase comprises increases 
in both phosphor ylated and non-phosphor y la ted creatine. 
Urinary creatine content was greater in group A than in 
group B on day 2 but there was no difference between the 
groups on the control day. 

These results indicate that carbohydrate ingestion 
increases uptake of creatine in muscle in man, and to a 
far greater extent than to that seen when creatine alone 
is ingested . 

Example 3 

The muscle samples obtained in the study of 
Example 2 were additionally analysed for muscle glycogen 
concentration. Muscle samples from a further group C 
containing 8 subjects were also analysed. This group 
has followed a similar regime to groups A and B but 
ingested a preparation of carbohydrate but no creatine, 
in the form of 500 ml LUCOZADE, at same times as 
subjects of Groups A and 8. 

Table 3 shows the muscle concentration (mmol/kg) 
of glycogen before and after supplementation, and also 
the difference in the concentration. 
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sd = standard deviation, se r standard error 



Group A 

before after difference 

supplementation supplementation 



mean 

sd 

se 



364.8 
63.4 
19.1 



366 . 1 
63.8 
19.8 



1 . 2 
67.9 
20.5 



Group B 



mean 

sd 

se 



331 . 1 
32. 5 
10.8 



488. 7 

125.4 
41 . 8 



157.6 
126.8 
42.3 



Group C 



mean 



337.5 413.3 75.8 



sd 37.3 55.9 33.2 

se 13.2 19.8 11.7 



Table 3 shows that the mean glycogen difference 
after supplementation in Group A, who took creatine 
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only, was very small. 

The subjects of Group C, who took glucose only, 
showed an increase in muscle glycogen concentration 
after supplementation. However, a more marked increase 
in muscle glycogen concentration was shown by Group B, 
who took creatine and glucose together. The results of 
individual subjects in Group B varied greatly. However, 
referring to Fig. 2 it is shown that there was a linear 
relationship between the increase in creatine 
concentration and the increase in glycogen concentration 
in subjects of this group, showing a synergistic effect. 
No such relationship was observed in the subjects in 
Group A, who ingested only creatine (Fig. 1). 

Example A 

Experimental 

Twenty nine fasted subjects were divided randomly 
into three groups, group A (12 subjects), group B (9 
subjects) and group C (8 subjects). Each member of 
croup A ingested 5g of creatine dissolved in hot 
sugar-free orange juice. Each member of group B 
ingested 5g of creatine dissolved in hot sugar^free 
orange juice along with 5G0ml of LUCOZADE, 30 minutes 
after the creatine preparation had been ingested. Group 
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C ingested 500ml of LUCOZADE alone. 

Arterialised-venous blood samples were obtained 
from each member of each group before ingestion and at 
20 minute intervals immediately following ingestion for 
the following 220 minutes, while subjects remained in a 
supine position. Blood serum insulin concentration was 
measured in each sample, and the results are shown in 
Table U below. Serum insulin concentration imIU/f) was 
plotted against time (mins) for each group and is shown 
in Fig. 3 . 

The whole blood glucose concentration was also 
measured before ingestion and at 20 minute intervals for 
the following 280 minutes and the results obtained are 
shown in Table 5 below. Whole blood glucose (mmol/j^) 
was plotted against time (mins) for each group and is 
shown in Fig. 4. 
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The results shown in Table 4 and Fig. 3 clearly 
show that when creatine is ingested along with 
carbohydrate (group B), the serum insulin concentration 
is considerably greater than that found when creatine 
(group A) and carbohydrate (group C) are ingested alone. 

Further, the results shown in Table 5 and Fig. 4, 
clearly show that when creatine and carbohydrate (group 
B) are ingested together, there is a considerably more 
rapid decline in blood plasma glucose concentration, 
than when carbohydrate is ingested alone. This is a 
direct result of the augmented release of insulin into 
the blood caused by the ingested creatine and glucose 
compos i t i on . 

This rapid decline in blood plasma glucose 
concentration is indicative of an increased uptake of 
glucose into muscle for glycogen synthesis (as seen in 
Example 3). In other words, the ingestion, or infusion, 
of creatine in conjunction with carbohydrate increases 
muscle glycogen storage. 

Modifications may be made v/ithin the scope of the 
invention. In particular the carbohydrate may be 
varied, for example by the use of another simple carbo- 
hydrate such as a di-or t risaccharide , although glucose 
IS preferred because of the rapidity with which it 
enters the bloodstream after ingestion, causing 
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substantially simultaneous peaks in blood insulin and 
creatine concentrations, and to maximise plasma insulin 
increase. The creatine, glucose and/or insulin or 
active derivatives of any of these may be infused into 
the blood in any suitable manner, for example by 
injection. 

Further, the carbohydrate may be substituted or 
accompanied by insulin or an active derivative thereof. 
Ingestion or injection of compositions comprising 
creatine (or an active derivative thereof) and insulin 
(or an active derivative thereof) may be complimented by 
ingestion of carbohydrate, such as glucose, for example 
in the form of a drink. The timing of ingestion or 
injection (infusion) of the composition and carbohydrate 
is such that the increase in blood plasma carbohydrate 
concentration and insulin concentration and plasma 
creatine concentration peak substantially 
simultaneously . 

Whilst endeavouring in the foregoing Specification 
to draw attention to those features of the invention 
believed to be of particular importance it should be 
understood that the Applicant claims protection in 
respect of any patentable feature or combination of 
features hereinbefore referred to and/or shown in the 
drawings whether or not particular emphasis has been 
placed thereon. 
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1. A method of increasing creatine retention in the human or animal 
body by causing an increase in blood plasma creatine concentration and 
causing a substantially simultaneous increase in blood plasma insulin 
concentration. 

2. A method according to claim 1, in which the plasma creatine 
concentration is increased by ingestion of creatine or an active derivative 
thereof. 

3. A method according to claim 1, in which the plasma creatine 
concenn-ation is increased by infusion of creatine. 

4. A method according to any preceding claim, in which the plasma 
insuhn concentration is increased by infusion of insulin or an active 
derivative thereof. 

5. A method according to any of claims 1 to 3, in which the plasma 
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cause an increase in the blood plasma insulin concentration substantially 
simultaneously with the arrival in the plasma of the creatine. 

10. A method according to any of claims 5 to 9, in which the creatine 
and/or agent is orally ingested. 

11. A method of increasing glycogen storage in the human or animal 
body by causing an increase in blood plasma carbohydrate concentration 
and insulin concentration and causing a substantially simultaneous increase 
in blood plasma creatine concentration. 

12. A method according to claim 11, in which the plasma creatine 
concentration is increased by ingestion and/or infusion of creatine or an 
active derivative thereof. 

13. A method according to claim 11 or claim 12, in which the plasma 
carbohydrate and insulin concentrations are increased by ingestion and/or 
infusion of carbohydrate or an active derivative thereof. 

14. A method according to claim 11 or claim 12, in which the plasma, 
glucose and insulin concentrations are increased by infusion of glucose or 
another simple carbohydrate. 

15. A method according to any of claims 1 1 to 14, in which creatine or an 
active derivative thereof and glucose and/or another simple carbohydrate 
are orally ingested. 

16. A composition for increasing creatine retention in the human or 
animal body, the composition comprising creatine or an active derivative 
thereof together with a carbohydrate or an active derivative thereof. 

17. A composition according to claim 16, in which the composition is in 
the nature of a dietary supplement. 
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18. A composition according to claim 16 or claim 17, in which the 
carbohydrate is glucose and/or another simple carbohydrate. 

19. A composition according to any of claims 16 to 18, in which the 
composition comprises 2 to 896 by weight creatine and 92 to 98% by weight 
glucose and/or another simple carbohydrate. 

20. A method of increasing creatine retention in the human or animal 
body by ingestion of a composition as defined in any of claims 16 to 19. 

21. A method as claimed in claim 20, in which the composition is 
ingested in an amount of lOOg to 700g per day. 

22. A method as claimed in claim 20 or claim 21, in which the 
composition is taken in four equal parts throughout the day. 

23. A composition for increasing creatine retention in the human or 
animal body, the composition comprising creatine or an active derivative 
thereof together with insulin or a derivative thereof. 

24. A composition for increasing glycogen storage in the human or 
animal body, the composition comprising creatine or an active derivative 
thereof together with insulin or an active derivative thereof. 

25. A composition according to claim 23 or claim 24, in which the 
composition is in a form to be ingested and/or injected into the body. 

26. A method of increasing creatine retention in the human or animal 
body by ingestion and/or injection of a composition as defined in any of 
claims 23 to 25. 

27. A method of increasing glycogen storage in the human or animal 
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claims 23 to 25 above. 

28. A method according to claim 26 or claim 27. in which a carbohydrate 
is also ingested and/or injected desirably such that an increase in blood 
plasma carbohydrate concentration and insulin concentration occurs 
substantially with an increase in blood plasma creatine concentration. 

29. A composition for Increasing glycogen storage in the human or 
animal body, the composition comprising creatine or an active derivative 
thereof together with a carbohydrate or an active derivative thereof. 

30. A composition according to claim 29, in which the composition is in 
the nature of a dietary supplement. 

31. A composition according to claim 29 or claim 30, in which the 
carbohydrate is glucose and/or another simple carbohydrate. 

32. A composition according to any of claims 29 to 31, in which the 
composition comprises 2 to 896 by weight creatine and 92 to 9896 by weight 
glucose and/or another simple carbohydrate. 

33. A method of increasing glycogen storage in the human or animal 
body by ingestion and/or Infusion of a composition as defined in any of 
claims 29 to 32. 

34. A method according to claim 33, in which the composition is Ingested 
in an amount of lOOg to 700g per day. 

33. A method according to claim 33 or claim 34, in which the 
composition is taken in four equal parts throughout the day. 

36. A composition comprising creatine or an active derivative thereof and 
a carbohydrate or an active derivative thereof for use as an active 
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pharmaceutical composition. 

37. A composition comprising creatine or an active derivative thereof and 
insulin or an active derivative thereof for use as an active pharmaceutical 
preparation. 

38. A composition according to claim 37, in which the composition also 
comprises a carbohydrate or an active derivative thereof, 

39- A composition comprising creatine or an active derivative thereof and 
a carbohydrate or an active derivative thereof for use in the manufacture of 
a substance for increasing creatine retention in the human or animal body. 

40. A composition comprising creatine or an active derivative thereof, 
and insulin or an active derivative thereof, for use in the manufacture of a 
composition for increasing creatine retention and/or glycogen storage in the 
hmnan or animal body. 

41- A composition accordinjg to claim 40, in which carbohydrate or an 
active derivative thereof is also provided. 

42. A composition comprising creatine or an active derivative thereof and 
a carbohydrate or an active derivative thereof for use in the manufacture of 
a substance for increasing glycogen storage in the human or animal body. 

43. A composition according to claim 42, in which the carbohydrate is 
glucose and/or another simple carbohydrate. 

44. A composition according to claim 42 or claim 43, in which the 
composition comprises 2 to 896 by weight creatine and 92 to 98% by weight 
glucose and/or a simple carbohydrate. 
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43. A method substantially as hereinbefore described with reference to 
the accompanying drawings. 

46. A composition substantially as hereinbefore described with reference 
tp the accompanying drawings. 

47. Any novel subject matter or combination including novel subject 
maner disclosed, whether or not within the scope of or relating to the same 
invention as any of the preceding claims. 
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